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(54) Image processing method and apparatus and image forming apparatus for reducing moire 
fringes 



(57) A spatial filter (21) applies a modulation trans- 
fer function correction process so as to increase a 
number of bits of input image data. A high-resolution 
converter (22) converts the image data into output im- 
age data having a density higher than a sampling den- 
sity of the input image data. One of the spatial filter (21 ) 



and the high-resolution converter (22) processes the im- 
age data after the other of the spatial filter (21) and the 
high-resolution converter (22) has processed the image 
data. A possibility of saturation of an output of the spatial 
filter (21) is decreased, thereby decreasing generation 
of moire in a saturation calculation. 
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Description 

[0001] The present invention generally relates to im- 
age data processing and, more particularly, to a digital 
image processing technique which improves an image 
quality by reducing moire fringes generated in a fine- 
pitch halftone image. 

[0002] Conventionally, in a digital copy machine, an 
unevenness of intensity referred to as moire is generat- 
ed in a reproduced image of a halftone image, which 
deteriorates an image quality. There are following caus- 
es of generation of moire. 

1) a mutual interference between a frequency of 
dots in an original image and a sampling frequency 
for resolving the original image into pixels when 
reading the original Image; and 

2) a saturation operation by spatial filtering means, 
or a nonlinear process such as sharp gamma-cor- 
rection process. 

[0003] As for a method of suppressing generation of 
moire due to the above-mentioned cause 1), there is a 
method of reducing moire by a smoothing filter process, 
which makes an input image unfocused. As for a method 
of suppressing generation of moire due to the above- 
mentioned cause 2), there is a method of reducing moire 
by applying a weak filtering process, which cannot 
cause saturation, or a smooth gamma correction proc- 
ess. 

[0004] Japanese Laid-Open Patent Application No. 
5-41 793 discloses a digital image processing apparatus 
which corrects moire prior to a spatial filtering process 
including a modulation transfer function (MTF) correc- 
tion such as sharpening of character edges and smooth- 
ing of a halftone image. In this example of a moire cor- 
rection, input image data of 400 dpi (dot/inch) is proc- 
essed by an interpolation method so as to compute in- 
terpolated image data corresponding a position be- 
tween adjacent pixels in the input image data, and a 
smoothing process is applied to an assemble (image da- 
ta of 800 dpi) of the input image data and the interpolat- 
ed image data so as to produce image data of 400 dpi. 
[0005] Japanese Laid-Open Patent Application No. 
9-903B discloses an image forming apparatus, which 
performs a laser recording operation based on binary 
data obtained by binarizing image data. In this image 
forming apparatus, a spatial filtering process is applied 
to the image data obtained by a sampling frequency of 
400 dpi so as to correct sharpness and remove moire. 
Then a gamma processing which is an intensity correc- 
tion is applied to the image data, and the image data is 
subjected to a high-density resolution conversion proc- 
ess to 600 dpi. Thereafter, the binarizing process is ap- 
plied to the 600 dpi image data. 

[0006] Additionally, Japanese Laid-Open Patent Ap- 
plication No. 10-32713 also discloses an image forming 
apparatus, which performs a laser recording operation 



based on binary data obtained by binarizing image data. 
In this image forming apparatus, the high-density reso- 
lution conversion process is applied first to convert im- 
age data from 400 dpi to 600 dpi. Then a spatial filtering 

5 process and gamma-correction process are applied to 
the image data of 600 dpi, and the processed image da- 
ta Is binarized to obtain the binary image data. 
[0007] As mentioned above, the image processing 
operation using the above-mentioned high-resolution 

10 conversion process can reduce moire generated in a re- 
produced image. However, the reproduced image may 
be unfocused, or resolution or sharpness may deterio- 
rate in a line-drawing part such as characters. An image 
having less moire may be obtained by increasing the 

is image density for image reading. However, in order to 
increase the image density, a CCD reading apparatus 
having a corresponding pixel resolution capability and It 
is difficult to achieve such a CCD reading apparatus in 
respect of a technical matter and a manufacturing cost. 

20 [0008] It is a general object of the present invention 
to provide an improved and useful image processing 
method and apparatus in which the above-mentioned 
problems are eliminated. 

[0009] A more specific object of the present invention 
25 is to provide an image processing method and appara- 
tus which suppresses generation of moire in a halftone 
image while maintaining sharpness of a line-drawing 
part such as characters. 

[0010] Another object of the present invention is to 
30 provide an image processing apparatus which sup- 
presses generation of moire with a simplified structure. 
[0011] A further object of the present invention is to 
provide an image processing apparatus which sup- 
presses generation of moire with a reduced cost. 
35 [0012] In order to achieve the above-mentioned ob- 
jects, there is provided according to one aspect of the 
invention an image processing method comprising: ap- 
plying a spatial filtering process with an Input dynamic 
range larger than an output dynamic range and also ap- 
40 plying a high-resolution conversion process to increase 
an image density of image data. 

[0013] According to the present invention, a possibil- 
ity of saturation of an output of a spatial filter is de- 
creased, thereby decreasing generation of moire in the 

45 saturation calculation. Additionally, according to the 
high-resolution conversion, a possibility of generation of 
moire due to mutual interference between the dot period 
in a halftone image of an original image and a sampling 
period for changing to pixel data is reduced. Since the 

50 image data is converted into high-density data : a possi- 
bility of generation of moire is reduced even if a non- 
linear process such as a sharp gamma process is ap- 
plied in a subsequent stage. 

[0014] The image processing method according to 
55 the present invention may further comprise: applying a 
low-resolution conversion process to decrease the im- 
age density after applying to the image data the spatial 
filtering process and the high-resolution conversion 



2 



3 



EP 1 261 195 A2 



4 



process. The image processing method according to the 
present invention may further comprise: applying a 
gamma correction process to the image data after ap- 
plying the high-resolution conversion process. Addition- 
ally, in the image processing method, the spatial filtering 
process may be a filtering process of a modulation trans- 
fer function correction which sharpens an image edge. 
[001 5] Additionally, there is provided according to an- 
other aspect of the present invention an image process- 
ing method comprising: applying to image data a high- 
resolution conversion to increase an image density of 
the image data and a spatial filtering process; and there- 
after, applying a low-resolution conversion to decrease 
the image density. 

[001 6] According to this invention, a possibility of gen- 
eration of moire due to mutual interference between the 
dot period in a halftone image of an original image and 
a sampling period for changing to pixel data is reduced. 
Although a harmonic wave is generated, which may be 
a cause of generation of moire, the generation of moire 
due to the process of the spatial filter can be reduced 
by using, if necessary, a smoothing filter In a down sam- 
pling so as to cut off the harmonic wave and converting 
into low resolution data such as original image data 
which is not subjected to the high-resolution conversion. 
[0017] The above-mentioned image processing 
method may further comprise: applying a gamma-cor- 
rection process to the image data after applying the 
high-resolution conversion process. The spatial filtering 
process may be a f iltering process of a modulation trans- 
fer function correction which sharpens an image edge. 
[001 8] Additionally, there is provided according to an- 
other aspect of the present invention an image process- 
ing apparatus comprising: a spatial filter which applies 
a modulation transfer function correction process so as 
to increase a number of bits of input image data; and a 
high-resolution converter which converts the image data 
into output image data having a density higher than a 
sampling density of the input image data : wherein one 
of the spatial filter and the resolution converter process- 
es the image data after the other of the spatial filter and 
the resolution converter has processed the image data. 
[0019] According to this invention, the image data 
which represents clear line drawing such as a character 
part by the MTF correction filtering process. Although a 
possibility of generation of moire is increased due to the 
MTF correction filtering process, a possibility of satura- 
tion of an output of a spatial filter is decreased, thereby 
decreasing generation of moire in the saturation calcu- 
lation. Additionally, according to the high-resolution con- 
version, a possibility of generation of moire due to mu- 
tual interference between the dot period in a halftone 
image of an original image and a sampling period for 
changing to pixel data is reduced. Since the image data 
is converted into high-density data, a possibility of gen- 
eration of moire is reduced even if a non-linear process 
such as a sharp gamma process is applied in a subse- 
quent stage. 



[0020] The above-mentioned image processing ap- 
paratus may further comprise a gamma-correction unit 
which applies a gamma-correction to the image data 
which has been processed by the high-resolution con- 
5 verter. The image processing apparatus may further 
comprise a low-resolution converter which decreases 
the density of the gamma-corrected image data. 
[0021 ] Additionally, there is provided according to an- 
other aspect of the present invention an image process- 
to ing apparatus comprising: an image reading unit which 
reads an image or picture to generate image data; and 
an image processing apparatus including: a spatial filter 
which applies a modulation transfer function correction 
process so as to increase a number of bits of the image 
is data supplied from the image reading unit; and a high- 
resolution converter which converts the image data into 
output image data having a density higher than a sam- 
pling density of the input image data, wherein one of the 
spatial filter and the resolution converter processes the 
20 image data after the other of the spatial filter and the 
resolution converter has processed the image data. 
[0022] According to this invention, the image data 
which is read by the image reading units represents 
clear line drawing such as a character part by the MTF 
25 correction filtering process. Although a possibility of 
generation of moire is increased due to the MTF correc- 
tion filtering process, a possibility of saturation of an out- 
put of a spatial filter is decreased, thereby decreasing 
generation of moire in the saturation calculation. Addi- 
30 tionaily, according to the high-resolution conversion, a 
possibility of generation of moire due to mutual interfer- 
ence between the dot period in a halftone image of an 
original image and a sampling period for changing to pix- 
el data is reduced. Since the image data is converted 
35 into high-density data, a possibility of generation of 
moire is reduced even if a non-linear process such as a 
sharp gamma process is applied in a subsequent stage. 
[0023] The image reading apparatus may further 
comprise a gamma-correction unitwhich applies a gam- 
40 ma-correction to the image data which has been proc- 
essed by the high-resolution converter. The image read- 
ing apparatus may further comprise a low-resolution 
converter which decreases the density of the gamma- 
corrected image data. 
45 [0024] Additionally, there is provided according to an- 
other aspect of the present invention an image forming 
apparatus comprising: an image processing apparatus 
including: a spatial filter which applies a modulation 
transfer function correction process so as to increase a 
50 number of bits of the image data supplied from the im- 
age reading unit; and a high-resolution converter which 
converts the image data into output image data having 
a density higher than a sampling density of the input im- 
age data, wherein one of the spatial fitter and the reso- 
55 lution converter processes the image data after the oth- 
er of the spatial filter and the resolution converter has 
processed the image data; and a printer which forms an 
image on a recording sheet based on the image data 
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output from the Image processing apparatus. 
[0025] The above-mentioned image forming appara- 
tus may further comprise a gamma-correction unit which 
applies a gamma-correction to the image data which 
has been processed by the high-resolution converter. 
The above-mentioned image forming apparatus may 
further comprise a low-resolution converter which de- 
creases the density of the gamma-corrected image da- 
ta. The image forming apparatus may further comprise 
an image reading unit which reads an image or picture 
to generate the image data so as to supply the image 
data to the image processing apparatus. 
[0026] Additionally, there is provided according to an- 
other aspect of the present invention an image forming 
apparatus comprising: a resolution converterwhich con- 
verts image data of p bits, which is obtained by optically 
reading an original Image by a sampling density of m 
dpi, into high-density image data of n dpi and p bits, 
where n is greater than m; a spatial fitter changing the 
high-density image data into large dynamic range image 
data of n dpi and q bits, where q is greater than p; a 
gamma correction unit which adjusts an intensity of the 
image data after being processed by the spatial filter; 
an output processing unit which converts the gamma- 
corrected image data into output data for printing; and 
a printer which produces a visible image based on the 
output data of the output processing unit. 
[0027] Additionally, there is provided according to an- 
other aspect of the present invention an image forming 
apparatus comprising: a spatial filter which changes im- 
age data of p bits, which is obtained by optically reading 
an original image by a sampling density of m dpi. to large 
dynamic range image data of m dpi and q bits, where q 
is greater than p; a resolution converterwhich converts 
the large dynamic range image data of m dpi and q bits 
into high-resolution image data of n dpi and p bits, where 
n is greater than m; a gamma correction unit which ad- 
justs an intensity of the image data after being proc- 
essed by the resolution converter; and a printer of n dpi 
and a multiple number of gradation. 
[002B] Additionally, there is provided according to an- 
other aspect of the present invention an image forming 
apparatus comprising: a spatial filter which changes im- 
age data of p bits, which is obtained by optically reading 
an original image by a sampling density of m dpi ; to large 
dynamic range image data of m dpi and q bits, where q 
is greater than p; a resolution converterwhich converts 
the large dynamic range image data of m dpi and q bits 
into high-resolution image data of n dpi and p bits, where 
n is greater than m; a gamma correction unit which ad- 
justs an intensity of the image data after being proc- 
essed by the resolution converter; an output processing 
unit which converts the gamma-corrected image data 
into output data for printing; and a printer which produc- 
es a visible image based on the output data of the output 
processing unit. 

[0029] In the above-mentioned image forming appa- 
ratus, the output processing unit may be a simple bina- 



rizing unit which converts the gamma corrected image 
data into binary data as the output data for printing; and 
the printer may have n dpi and a binary gradation 
number so as to form a visible image based on the bi- 

5 nary data from the simple binarizing unit. Alternatively, 
the output processing unit maybe a binary error diffusion 
unit which converts the gamma corrected image data 
into binary data as the output data for printing by a bi- 
narization according to an error diffusion method; and 

10 the printer may have n dpi and a binary gradation 
number so as to form a visible image based on the bi- 
nary data from the binary error diffusion unit. 
[0030] Additionally, there is provided according to an- 
other aspect of the present invention an image forming 

is apparatus comprising: a spatial filter which changes im- 
age data of p bits, which is obtained by optically reading 
an original image by a sampling density of m dpi, to large 
dynamic range image data of m dpi and q bits, where q 
is greater than p; a resolution converter which converts 

20 the large dynamic range image data of m dpi and q bits 
into high-resolution image data of n dpi and q bits, where 
n is greater than m; a gamma correction unit which ad- 
justs an intensity of the image data after being proc- 
essed by the resolution converter; an output processing 

25 unit which converts the gamma-corrected image data 
into output data for printing; and a printer which produc- 
es a visible Image based on the output data of the output 
processing unit. 

[0031 ] Additionally, there is provided according to an- 

30 other aspect of the present invention an image forming 
apparatus comprising: a first resolution converterwhich 
converts image data of p bits, which is obtained by op- 
tically reading an original image by a sampling density 
of m dpi, into high-resolution image data of n dpi and p 

35 bits, where n is greater than m; spatial filter which ap- 
plies a modulation transfer function (MTF) correction to 
the high-resolution image data of n dpi and p bits after 
the conversion of the first resolution converter; a gamma 
correction unit which adjusts an intensity of the image 

40 data after being processed by the spatial filter; a second 
resolution converterwhich converts the gamma correct- 
ed image data of n dpi and p bits into image data of m 
dpi and q bits; an output processing unit which converts 
the image data of n dpi and p bits after the conversion 

^5 of the second resolution converter into output data for 
printing; and a printer which produces a visible image 
based on the output data of the output processing unit. 
[0032] According to this invention, an image enhance- 
ment can be achieved with less generation of moire as 

50 compared to a conventional system having a spatial fil- 
ter. In the image forming apparatus, n may be an integral 
multiple of m. This achieves a high resolution conver- 
sion with high accuracy, and, thus, an image processing 
system having less generation of moire can be achieved 

55 with a low cost. 

[0033] Additionally, there is provided according to an- 
other aspect of the present invention an image forming 
apparatus comprising: a spatial filter which changes im- 
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age data of p bits, which is obtained by optically reading 
an original image by a sampling density of m dpi. to large 
dynamic range image data of m dpi and q bits, where q 
is greater than p; a first resolution converter which con- 
verts the large dynamic range image data of m dpi and 5 
q bits after being processed be the spatial filter into high- 
resolution image data of n dpi and p bits, where n is 
greater than m; a gamma correction unit which adjusts 
an intensity of the image data after being processed by 
the first resolution converter; a second resolution con- 10 
verier which converts the gamma corrected image data 
of m dpi and p bits Into image data of m dpi and p bits; 
an output processing unit which converts the image data 
of m dpi and p bits after the conversion of the second 
resolution converter into output data for printing; and a is 
printer which produces a visible image based on the out- 
put data of said output processing unit. 
[0034] Accordingtothis invention, an image enhance- 
ment can be achieved with less generation of moire as 
compared to a conventional system having a spatial fil- 20 
ter. Additionally, a number of line buffers for the process 
of the spatial filter can be reduced. In the image forming 
apparatus, n may be an integral multiple of m. This 
achieves a high-resolution conversion with high accura- 
cy, and, thus, an image processing system having less 25 
generation of moire can be achieved with a low cost. 
[0035] Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 30 

FIG. 1 is a block diagram of an image forming ap- 
paratus according to a first embodiment of the 
present invention; 

FIG. 2 is a block diagram showing a function rele- 35 
vant to the image processing of the present inven- 
tion; 

FIG. 3 is a structural diagram showing an outline of 
a multi-function digital copy machine according to 
the present invention; 40 
FIG. 4 is a block diagram of an image processing 
unit of a digital full color copy machine according to 
a second embodiment of the present invention; 
FIG. 5A is a block diagram showing a first mode of 
operation of the image processing unit shown in 45 
FIG. 4; 

FIG. 5B is a block diagram showing a second mode 
of operation of the image processing unit shown in 
FIG. 4; 

FIG. 5C is a block diagram showing a third mode of so 
operation of the image processing unit shown in 
FIG. 4; 

FIG. 6 is a block diagram of an image processing 
unit of a digital full color copy machine according to 
a third embodiment of the present invention; 55 
FIG. 7A is a block diagram of an image processing 
unit according to a fourth embodiment of the 
present invention; 



FIG. 7B is a block diagram of a variation of the im- 
age processing unit according to the fourth embod- 
iment of the present invention; 
FIG. BA is a block diagram of the image processing 
unit shown in FIG. 7A which performs a first mode 
of operation of the fourth embodiment; 
FIG . BB is a block diagram of the Image forming unit 
shown in FIG. 7B, which performs a second mode 
of operation of the fourth embodiment; 
FIG. BC is a block diagram of the image processing 
unit 20 shown in FIG. 7B, which performs a third 
mode of operation of the fourth embodiment; 
FIG. 9A is a block diagram of the image processing 
unit 20 shown in FIG. 7B in a fourth mode of oper- 
ation of the fourth embodiment; 
FIG. 9B is a block diagram of the image processing 
unit shown in FIG. 7B in a fifth mode of operation of 
the fourth embodiment; 

FIG. 10 is a graph showing data and sampling 
points in an interpolation by a resolution converter; 
FIG. 11 is a graph showing image data plotted in 
the primary scanning direction, the image data be- 
ing read by a scanner of m = 600 dpi and p = 8 bits 
at 99 Ipi; 

FIG. 12 is a graph showing image data, which is 
converted into 1200 dpi according to a high-resolu- 
tion conversion; 

FIG. 13 Is a graph showing a frequency character- 
istic of image data after the high-resolution conver- 
sion shown in FIG. 12; 

FIG. 14 is a graph showing a frequency character- 
istic of the image data after being changed from m 
= 600 dpi to n = 1200 dpi; 

FIG. 15 is a graph showing plotted image data, 
which is obtained by applying to the image data of 
FIG. 11 an MTF correction filtering process of an 
input of B bits and an output of 8 bits; 
FIG. 16 is a graph showing plotted image data, 
which is obtained by applying to the image data of 
FIG. 11 an MTF correction filtering process of an 
output of q = 10 bits; and 

FIG. 17 is a graph showing an example of plotted 
image data, which is obtained by applying to the im- 
age data of FIG. 1 1 an MTF correction filtering proc- 
ess of an input of 8 bits and an output of 8 bits. 

<FIRST EMBODIMENT 

[0036] FIG. 1 is a block diagram of an image forming 
apparatus according to a first embodiment of the 
present invention. The image forming apparatus shown 
in FIG. 1 is a multi-function digital full-color copy ma- 
chine having an image processing unit 20, a scanner 
200 and a color printer 400. The scanner 200 read an 
original image and supply image data to the image 
processing unit 20. The image processing unit 20 ap- 
plied a process to the image data and supplies the proc- 
essed image data to the color printer 400. The color 
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printer outputs a visual image based on the processed 
image data supplied from the image processing unit 20. 
[0037] The digital full-color copy machine can print im- 
age data by the color printer when the image data is sup- 
plied from a host unit such as a personal computer 
through a LAN or a parallel interface. Additionally, image 
data obtained by reading an original image by the scan- 
ner 200 can be transmitted to a remote facsimile ma- 
chine, and image data received can be printed by the 
color printer 400. The copy machine is connected to a 
public telephone network PN through a private branch 
exchange so as to communicate with a remote facsimile 
machine or a management server of a service center 
through the public telephone network. 
[0038] The scanner 200 has a reading unit 4 which 
projects a light onto an original image. The light reflected 
by the original image is received by a light-receiving el- 
ement such as a charge coupled device (CCD) provided 
on a sensor board unit (SBU). The reflected light is con- 
verted into an electric signal by the CCD, and is convert- 
ed into digital signal (digital image data). Then the digital 
image data is output from the SBU to the image process- 
ing unit 20. 

[0039] A system controller 6 and a process controller 
1 communicate with each other through a parallel bus 
Pb and a serial bus Sb. The image processing unit 20 
performs a data format conversion for the data interface 
between the parallel bus Pb and the serial bus Sb. 
[0040] The image data from the SBU is transferred to 
the image processing unit 20. The image processing 
unit 20 corrects signal deterioration associated with an 
optical system of the scanner 200 and the quantization 
to the digital signal. The image processing unit also cor- 
rects the image data so as to match the image data to 
the image recording characteristic of the printer 400, 
and transfers the corrected image data to a multi-func- 
tion controller (MFC). The image data transferred to the 
MFC is stored in a memory MEM. The corrected image 
data may be supplied to the printer 400 after being sub- 
jected to a printer output process. 
[0041 ] That is, the image processing unit 20 has a job 
which accumulates and reuses read image data in the 
memory MEM and a job which outputs the read image 
data to a video data control VDC (hereinafter, simply re- 
ferred to as VDC) without accumulating the image data 
in the memory MEM and carries out an imaging output 
by the laser printer 400. When making a plurality of cop- 
ies of an original document of one sheet, the reading 
unit 4 is operated only once, the read image data is ac- 
cumulated in the memory MEM ; and the accumulated 
data is read from the memory MEM a plurality of times. 
When making one copy of an original document of one 
sheet, what is necessary is just to process the read im- 
age data to a printer output as it is, and, therefore, it is 
not necessary to store the read image data in the mem- 
ory MEM. 

[0042] When not using the memory MEM, the image 
processing unit 20 applies to the read image data the 



image reading correction and a correction appropriate 
to the printer output characteristics. Then, the image 
processing unit 20 performs image quality processes for 
forming an image by the printer, such as conversion into 

5 area gradation. The output image data after being sub- 
jected to the image quality processes is transferred to 
the VDC. The VDC applies to the output image data a 
post process with respect to dot arrangement and a 
pulse control for reproducing post processing. An image 

10 forming unit 5 of the laser printer 400 forms a reproduc- 
tion image on a transfer paper. 

[0043] When the image data is accumulated in the 
memory MEM and an additional process is performed 
on the image data when the accumulated image data is 

is read, such as, for example, rotation of the direction of 
an image, synthesis of an image, etc., the image data 
to which the image reading correction was made Is sent 
to an image memory access controller I MAC (hereinaf- 
ter, referred to as I MAC). Based on the control of a sys- 

20 tern controller 6, the IMAC performs an access control 
of image data and the memory MEM, a development (a 
character code/character bit conversion) of print data for 
an external personal computer (hereinafter, referred to 
as PC) and compression/decompression of image data 

25 for effective use of a memory. The data sent to the IMAC 
is accumulated in the memory MEM, and the accumu- 
lated data is read when needed. The read data is de- 
compressed by the IMAC and is restored to the original 
image data, and the restored image data is returned 

30 from the IMAC to the image processing unit 20 via the 
parallel bus. 

[0044] The image data returned to the image process- 
ing unit 20 is subjected to an image quality process, and 
is also subjected to a pulse control by the VDC. Then, 
35 the image forming unit 5 forms a visible image (toner 
image) on a transfer paper. 

[0045] The facsimile transmitting function which is 
one of the multiple functions applies an image reading 
correction to the read image data by the image process- 

40 ing unit 20, and transfers the corrected read image data 
to a facsimile control unit FCU (simply referred to as 
FCU) via the parallel bus Pb. The FCU converts image 
data into data for a public line communication network 
PN (hereinafter, simply referred to as PN), and transmits 

45 the data to PN as facsimile data. When facsimile data 
is received, the FCU converts the facimiie data from the 
PN into image data into image data, and transfers the 
image data to the image processing unit 20 via the par- 
allel bus Pb. In this case, no particular image quality 

50 process is performed, but a rearrangement of dots and 
a pulse control are performed in the VDC, and a visible 
image is formed on a transfer paper in the image forming 
unit 5. 

[0046] When operating a plurality of jobs, for example, 
55 a copy function, a facsimile transceiver function and a 
printer output function in parallel, a system controller 6 
and a process controller 1 control an assignment of a 
right of use of the reading unit 4, the image forming unit 
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5 and the parallel bus Pb to the jobs. 
[0047] The process controller 1 controls flow of the 
image data. The system controller 6 controls the whole 
system and manages activation of each resource. A se- 
lection function of the multi function digital copy machine 
sets contents of a process, such as a copy function and 
a facsimile functlon : based on a selection Input through 
an operation board OPB. 

[0048] FIG. 2 is a block diagram showing the function 
relevant to the image processing of the present inven- 
tion in the image processing function of the image 
processing unit. Analog image signals of each color, R, 
G, B, read by the scanner 200 with m dpi (m pixels per 
1 inch) are converted into digital image data of p bits, 
respectively, and are output as p-bit color image data. 
For example, m = 600 and p = 8. After image data is 
subjected to various processes by the Image processing 
unit 20, the image data is output to the laser printer 400. 
[0049] First, the image data of m dpi and p bits, which 
is output from the scanner 200, is converted into image 
data of n dpi and p bits by an interpolation operation 
using a three-dimensional function convolution method 
by a resolution converter 22. Where p<q, for example, 
p = 8 and q = 10. 

[0050] A description will be given, with reference to 
FIG. 1 0, of an interpolation operation process. When ob- 
taining image data ID (n) of a virtual sampling point T 
(n), the value ID(n) of the virtual sampling point T(n) is 
calculated based on the vales of the image data D(n-1), 
D(n) f D(n+1) and D(n+2) of the real sampling pixels and 
distances r1 , r2, r3 and r4 between the virtual sampling 
point T(n) and each of the real sampling points. For ex- 
ample, when carrying out a density conversion with a 
double resolution by the three-dimensional convolution 
method, the image data ID(n) of the virtual sampling 
point T(n) is calculated as follows. 

ID(n)=-(1/8)D(n-1)+(5/8)D(n)+(5/8)D(n+1)-(1/8)D(n+2) 

The image data ID(n) is inserted between the real sam- 
pling image data D(n) and D(n+1). Similarly, ID(n-2) f ID 
(n-1), ID(n), ID(n+1) and !D(n+2) are calculated so as 
to perform the interpolation. 

[0051] Subsequent to the process of the resolution 
converter 22, a filtering process of a spatial filter 21 is 
performed. The input of the spatial filter 21 is n dpi and 
p bits, and the output is n dpi and q bits. Then, a gamma 
correction is applied to the image data by a gamma cor- 
rection unit 23, and, in the present embodiment, the im- 
age data of n dpi and p bits is supplied to an output 
processing unit 30. Here, m<n, and, for example, m = 
600 and n= 1200. 

[0052] FIG. 11 is a graph showing the image data plot- 
ted in the primary scanning direction, the image data be- 
ing read by the scanner 200 of m = 600dpi and p = 8 
bits at 99 Ipi (lines/inch). FIG. 12 is a graph showing im- 
age data, which is converted into 1 200 dpi according to 



the above-mentioned interpolation. As shown in FIG. 1 1 , 
the peak distribution of the image data read by the scan- 
ner 200 draws a wave due to the moire caused by the 
mutual intervention between the dot period (99 Ipi) of 
5 the original image and the sampling period when de- 
composing the read image into pixels. 
This moire appears still more notably due to the saturate 
calculation by the subsequent spatial filter 21 and the 
nonlinear processing by the gamma correction unit 23. 
10 On the other hand, as shown in FIG. 12, the wave is not 
generated in the image data after the high-resolution 
conversion. Thus, the image data after the high-resolu- 
tion conversion is equivalent to image data obtained by 
reading the original image at a sampling frequency twice 
15 the real sampling frequency. Thereby, the moire due to 
the mutual intervention between the dot period of the 
original image and the sampling period when decom- 
posing into pixels at the time of image reading can be 
eliminated. FIG. 14 is a graph showing the frequency 
20 characteristics of the image data, which is obtained by 
reading the multi-line image shown in FIG 11 : by the 
scanner of 600 dpi. FIG. 13 is a graph showing the fre- 
quency characteristics of the image data after the high- 
resolution conversion shown in FIG. 12 is performed. 
25 The frequency characteristics of the image data after the 
high-resolution conversion indicate a single spectrum of 
99 Ipi. and, thus, moire does not appear in the real 
space. 

[0053] In a case in which an MTF correction filtering 

30 process is applied by the spatial fitter 21 , when the com- 
putation circuit of the spatial filter 21 is provided with the 
number P of bits of input image data is 8 bits and the 
number q of bits of output image data is also 8 bits, the 
gradation values of the image data becomes that shown 

35 in FIG. 15 since output data saturates at 0 and 255 when 
the computed data to be output is less than 0 or greater 
than 255. Such image data contains a higher harmonic 
wave, and there is a possibility of generation of moire in 
the real space. It should be noted that FIG. 1 5 is a graph 

40 showing plotted image data which is obtained by apply- 
ing to the image data of FIG. 11 the MTF correction fil- 
tering process of which spatial filtering computation is 
based on 8-bit input and 8-bit output. 
[0054] On the other hand, the possibility of generation 

45 of moire is reduced in the MTF correction filtering proc- 
ess of the spatial filter 21 having the output q bits ex- 
panded from the input p bits, that is, having an output 
dynamic range larger than the input dynamic range so 
as to prevent saturation in the output waveform. For ex- 

50 ample, if the MTF correction filtering process of the spa- 
tial filter 21 is q = 1 0 bits with respect to the input image 
data of P = 8 bits, the output dynamic range is as large 
as -512 to +512. When the above-mentioned MTF cor- 
rection filtering process with the expanded dynamic 

55 range of q = 1 0 bits is applied to the image data read by 
scanner 200 of m = 600 dpi, for example, the image data 
of FIG. 11 , the output image data becomes that shown 
in FIG. 1 6 in which there is no higher harmonic wave. It 
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should be noted that the expansion of the dynamic 
range is not limited to -5 1 2 to +51 2, and , if not saturated, 
the dynamic range can be 0 to +1024 or -256 to +768. 
[0055] After being corrected by the spatial filter 21 , the 
image data is changed to p = 8 bits by the gamma cor- 
rection unit 23 so as to be saturated at 0 and 255. This 
returns to the image data of p= 8 bits which does not 
have moire. FIG. 14 is a graph showing a frequency 
characteristic of the image data returned to p = 8 bits in 
the stage of a gamma correction to the image data 
shown in FIG. 16, which has been subjected to the MTF 
correction. 

[0056] The image data of n = 1200 dpi and p = 8 bits 
after the gamma correction is processed by one of a sim- 
ple binarizing unit 24, a simple binarizing unit 25, a bi- 
nary error diffusion unit 26, a binary Dither unit 27 and 
a multi-value Dither unit, and the processed image data 
is output as an multi-value output or a binary output. 
That is, binarization or multiplication by several steps is 
applied to a character area or a Dither process is applied 
to a photography area, and the processed image data 
is output to the laser printer 400. 
[0057] A process selector 29 selects the contents of 
the output of the output processing unit 30. Moreover, 
when supplying the read image data to the personal 
computer or the FCU, the image data is output from the 
process selector 29 to the controller MFC (parallel bus 
Pb). On the other hand, when printing image Information 
from the personal computer or the FCU, the image in- 
formation from the personal computer or the FCU is re- 
ceived by the process selector 29 through the controller 
MFC (parallel bus Pb), and the image information is sent 
to the printer 400. 

[005B] At the time of image formation in a copy mode, 
a scanner start signal is supplied to the scanner 200 
from the system controller 6 of the multi-function con- 
troller MFC at a timing matching with an operation of the 
color printer 400. The scanner 200 supplies to the image 
processing unit 20 control signals such as a frame ef- 
fective period signal, a line synchronization signal (sub- 
scanning synchronization signal), an image data effec- 
tive period signal on a line and a pixel synchronization 
signal (main scanning synchronization signal) and read 
image data. An image processing control unit, which is 
not illustrated, supplies a control signal in the image pic- 
ture processing 20 which synchronizes with these con- 
trol signals to each processing functional units 21-29. 
R : G, B image data (respectively p= 8 bits) produced by 
the scanner 200 is supplied to the spatial filter 21 of the 
image processing unit 20. 

[0059] FIG. 3 is a structural diagram showing an out- 
line of the mechanism of the scanner 200 and the printer 
400. In the scanner 200 which is a color image reader, 
a light from a lamp 205 is projected onto an original doc- 
ument 1 80 placed on a contact glass 202, and the image 
of the original document 1 80 is formed on a color sensor 
207 though a group of mirrors 204A, 204B, 204C, etc. 
and a lens 206. The color image information on the orig- 



inal document is read for each color-separation compo- 
nent of blue (B), green (G) and red (R), and is converted 
into an electric image signal. In this example, the color 
sensor 207 consists of a three-line CCD sensor, and 

5 reads the image of B : G, and R for each color. A color 
conversion process is performed in a processing unit 
(not shown in the figure) based on the intensity level of 
the color-separation image signals of B, G and R ob- 
tained by the scanner 200. Thus, the color image data 

10 containing recording information regarding black (Bk), 
cyan (C), magenta (M) and yellow (Y) is obtained. 
[0060] The images of Bk, C, M and Y are superim- 
posed on an intermediate transfer belt by using the color 
image data, and the thus-formed color image is trans- 

15 ferred onto a transfer paper. Upon receiving a scanner 
start signal which matches an operation timing of the 
color printer, the scanner 200 scans the original docu- 
ment by moving an optical system including the lamp 
205, the group of mirrors 204A, 204B : 204C, etc. so as 

20 to obtain image data corresponding to a single color for 
each scan. The color image data is visualized sequen- 
tially one by one, and the visualized images are super- 
imposed on the intermediate transfer belt so as to form 
a full-color image consisting of the four color compo- 

25 nents. 

[0061] A write-in optical unit 401 as exposure means 
of the color printer 400 converts the color image data 
from the scanner 200 into an optical signal, so as to form 
electrostatic latent images on a photoconductor drum 
30 414 by performing optical writing corresponding to the 
original image. The write-in optical unit 401 comprises 
a laser oscillator 441 , a luminescence drive control part 
(not shown in the figure) which drives the laser oscillator 
441 , a polygon mirror 443, a motor 444 for rotating the 

35 polygon mirror 443, an f6 lens 442 and a reflective mirror 
446. The photoconductor drum 414 rotates counter- 
clockwise as indicated by an arrow. Arranged around 
the photo conductor drum 414 are a photoconductor 
cleaning unit 421, a discharge lamp 414M, a charger 

40 41 9, a potential sensor for detecting a latent image on 
the photoconductive drum 414, a selected developer of 
a revolver development device 420, a development con- 
centration pattern detector 41 4P and an intermediate 
transfer belt 415. 

45 [0062] The revolver development device 420 com- 
prises a BK developer 420K, a C developer 420C, an M 
developer 420M and a Y developer 420Y and a revolver 
rotation drive part (not shown in the figure). The revolver 
rotation drive part rotates each of the developers coun- 

50 terclockwise as indicated by an arrow. Each developer 
comprises a development sleeve and a development 
paddle. The development sleeves 420KS, 420CS, 
420MS and 420YS rotate while making ears or spikes 
formed by developer contact with the surface of the pho- 

55 toconductor drum 414 so as to form electrostatic latent 
images. The development paddle agitates the develop- 
er while pumping up the developer. In a waiting mode, 
the revolver development device 420 is set in a state 
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where the development is carried out by the BK devel- 
oper 420. When a copy operation is started, reading of 
BK image data is started at a timing of the scanner 200, 
and an optical write-in by the laser, that is, a formation 
of a latent image is started based on the image data. 
Herein after, the electrostatic latent image according to 
the Bk image data is referred to as a Bk latent image. 
The same operation is performed with respect to each 
image data of C, M and Y. In order to enable the devel- 
opment start from a leading edge of the Bk latent image, 
the development sleeve 420KS starts to rotate before 
the reading edge of the latent image reaches the devel- 
opment position of the Bk developer 420K so as to de- 
velop the Bk latent image by a Bk toner. Thereafter, the 
development operation of the Bk latent-image area is 
continued. When a trailing edge of the latent image 
passes through the position of the Bk development, the 
revolver development device 420 is promptly driven to 
rotate from the development position by the Bk devel- 
oper 420K to a development position of the developer 
of the subsequent color. This rotation is completed be- 
fore a leading edge of a latent image of the next image 
data. 

[0063] When the image formation cycle is started, the 
photoconductor drum 414 rotates counterclockwise as 
indicated by the arrow : and the intermediate transfer belt 
415 rotates clockwise by being driven by a drive motor, 
which is not illustrated. BKtoner image formation, C ton- 
er image formation, M toner image formation and Y ton- 
er image formation are performed one by one in asso- 
ciation with the rotation of the intermediate transfer belt 
415. Finally, a superimposed toner image is formed on 
the intermediate transfer belt 415 in the order of BK, C, 
M and Y. Formation of the BK image is performed as 
follows, 

[0064] The charger 419 uniformly charges the photo- 
conductive drum 41 4 by the corona discharge at a neg- 
ative load of about -700 V. Subsequently, the laser diode 
441 performs raster exposure based on the Bk signal. 
When a raster image is thusly exposed, an electric 
charge corresponding to an amount of exposure is elim- 
inated in the exposed part of the uniformly charged pho- 
toconductive drum 41 4, thereby forming an electrostatic 
latent image. The toner in the revolver development de- 
vice 420 is negatively charged by being agitated by a 
ferrite carrier. Moreover, the BK development sleeve 
420KS of the development device is biased with respect 
to a metal base layer of the photoconductive drum 414 
at a potential of superimposed negative potential and 
alternating current by a power supply circuit (not shown 
in the figure). Consequently, the toner does not adhere 
to the part of the photoconductor drum 41 4 in which the 
charge remains. On the other hand, the Bk toner is ad- 
sorbed by a part having no charge, i.e., the exposed 
part, and a Bk visible image similar to the latent image 
is formed. The intermediate transfer belt 415 engages 
with a drive roller 41 5D, a transfer opposite roller 41 5T, 
a cleaning opposite roller 415C and a group of idle roll- 



ers, and is rotated by a drive motor, which is not illus- 
trated. 

[0065] The Bk toner image formed on the photocon- 
ductor drum 414 is transferred onto the surface of the 

5 intermediate transfer belt 415, which is driven at a con- 
stant speed while being brought into contact with the 
photoconductive drum, by a belt-transfer corona charg- 
er 416 (hereinafter referred to as a belt transfer part). 
Hereafter, the transferred toner image from the photo- 

10 conductor drum 414 to the intermediate transfer belt 41 5 
is referred to as a belt transfer. A slight amount of the 
residual toner on the photoconductive drum 414 is col- 
lected by a photoconductive drum cleaning unit 421 for 
reuse by the photoconductive drum 41 4. The collected 

15 toner is stored in a waste toner tank (not shown in the 
figure) via a recovery pipe. 

[0066] It should be noted that a four-color superim- 
posed belt transfer image is formed on the intermediate 
transfer belt 415 by sequentially positioning the BK, C, 

20 M, Y toner images, which are sequentially formed on the 
photoconductor drum 414, and, thereafter, a transfer to 
a transfer paper is carried out by a corona discharge 
transfer device. On the side of the photo conductor drum 
414, the operation proceeds to the C image forming 

25 process after the BK image forming process. Reading 
of C image data by the canner 200 starts at a predeter- 
mined timing so as to form the C latent image by a laser 
write-in according to the image data. After the trailing 
edge of the preceding BK latent image passes through 

30 the development position and before the leading edge 
of the C latent image reaches the development position, 
the revolver development device is rotated so that the 
C latent image is formed by the C toner by the C devel- 
oper 420C. 

35 Thereafter, although the development of C latent-image 
area is continued, when the trailing edge of the latent 
image passes by, the revolver development device 420 
is driven as is the same as the case of the preceding BK 
developer so as to move the C developer 420C and lo- 

40 cate the subsequent M developer 420M at the develop- 
ment position. 

This operation also is performed before the leading 
edge of the M latent image reaches the development 
position. It should be noted that the image forming proe- 
ms ess of M and Y is similar to the image data reading, the 
latent image formation and development operation of 
the above-mentioned Bk image and C image, and de- 
scriptions thereof will be omitted. 
[0067] A belt cleaning apparatus 41 5U comprises of 
50 an inlet-port seal a rubber blade, a discharge coil and 
contacting mechanism for these inlet-ports seal and the 
rubber blade. After carrying out the belt transfer of the 
Bk image of the first color and while carrying out the belt 
transfer of the second through fourth colors, the inlet- 
55 port seal and the rubber blade are made separate from 
the surface o the intermediate transfer belt by the con- 
tacting mechanism. 

[0068] A paper transfer corona discharger 41 7 (here- 
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inafter, referrad to as a paper transfer device) applies 
AC+DC or DC component to the transfer paper and the 
intermediate transfer belt according to a corona dis- 
charge method so as to transfer the superimposed toner 
image formed on the intermediate transfer belt 415 to 
the transfer paper. 

[0069] The transfer papers are accommodated in the 
transfer-paper cassette 482, and are fed and conveyed 
by a feed roller in a direction toward a pair of register 
rollers 41 8R. It should be noted that reference numeral 
412B2 indicates a paper feed tray for manually feeding 
an OHP paper, a paste board, etc. The transfer paper 
is fed at a time of start of the image formation, and is set 
in a standby state at a part of a nip portion of the pair of 
register rollers 41 8R. Then, the pair of register rollers 
41 8R are driven when the leading edge of the toner im- 
age on the intermediate transfer belt 415 reaches the 
paper transfer device 417 so that the leading edge off 
the transfer paper aligns with the leading edge of the 
toner image. Thus, the transfer paper is stacked on the 
color superimposed image on the intermediate transfer 
belt, and passes through the paper transfer device 41 7, 
which is connected to a positive electric potential. At this 
time, the transfer paper is charged with a positive elec- 
tric charge by a corona-discharge current, and the toner 
image is transferred onto the transfer paper. Thereafter, 
the transfer paper is discharged when passing a sepa- 
ration electric discharge device comprising an electric 
discharge brush, which is arranged on the left-hand side 
of the paper transfer device 417. Thereby, the transfer 
paper exfoliates from the intermediate transfer belt 41 5, 
and transfers to a paper conveyance belt 422. The 
transfer paper onto which the four-color superimposed 
toner image is transferred from the intermediate transfer 
belt is conveyed to a fixing device 423 by the paper con- 
veyance belt 422, and the toner image is melted and 
fixed at a nip portion between a fixing roller 423A, which 
is controlled at a predetermined temperature, and a 
pressurization roller 423B. Thereafter, the transfer pa- 
per is fed outside the main body by a pair of eject rollers 
424, and is stacked on a copy tray (not shown) with a 
front surface facing upward. 

[0070] It should be noted that the surface of the pho- 
toconductor drum 414 after the belt transfer is cleaned 
by a photoconductor cleaning unit 421 .which comprises 
a brush roller, a rubber blade, etc. Additionally, the pho- 
toconductor drum 414 is uniformly discharged by an 
electric discharge lamp 41 4M. The surface of the inter- 
mediate transfer belt 415 after the toner image is trans- 
ferred thereto is cleaned again by the blade being 
pressed by the blade contacting mechanism of the 
cleaning unit 415U. In a case of a repeat copy : the op- 
eration of the scanner and the image formation on the 
photoconductor drum proceeds to a process forthe sub- 
sequent sheet after the completion of the process of 
fourth color image of the first sheet at a predetermined 
timing. Then, a BK toner image for the second sheet is 
transferred on the surface of the intermediate transfer 



belt 415, which has been cleaned by the belt cleaning 
device, subsequent to the transfer process of the four- 
color superimposed image to the transfer paper of the 
first sheet. Thereafter, operations the same as that of 
5 the first sheet are performed. 

<Second Embodiment 

[0071] FIG. 4 is a block diagram of an image process- 
10 ing unit 20 of a digital fult color copy machine according 
to a second embodiment of the present invention. The 
image signal of R. G, B read by the scanner with m dpi 
(m pixels per inch) is converted into p-bit digital image 
data by A/D conversion, and is output as color image 
15 data of p bits. For example, m = 600 and p = 8. After 
being subjected to various processes by the image 
processing unit 20, the image data is output to the laser 
printer 400. 

[0072] The spatial filter 21 of the image processing 
20 unit 20 performs an emphasis process of the edge in- 
formation of a character part or a picture part of the im- 
age, that is a modulation transfer function (MTF) correc- 
tion and a smoothing process for suppressing the moire 
due to a halftone image of the original document. The 
25 MTF correction and the smoothing process are selec- 
tively performed in response to whether the image is a 
photograph or a character. 

[0073] The resolution converter 22 performs a high- 
resolution conversion from m dpi to n dpi. Where, m<n, 

30 and, for example, m = 600 and n = 1200. That is, for 
example, the resolution converter 22 converts the image 
data group of 600 dpi into image data group of 1200 dpi 
according to an interpolation method. 
[0074] The gamma correction unit 23 performs the im- 

35 age data correction, which matches the image reading 
characteristic of the scanner 200 with the image expres- 
sion characteristic of the printer 400. Moreover, the 
gamma correction unit 23 performs an image data cor- 
rection for the concentration adjustment corresponding 

40 to the concentration adjustment input from the operation 
board OPB. 

[0075] A process selector 29 selects the contents of 
the output of the output processing unit 30. Moreover, 
when supplying the read image data to the personal 
45 computer or the FCU, the image data is output from the 
process selector 29 to the controller MFC (parallel bus 
Pb). On the other hand, when printing image information 
from the personal computer or the FCU, the image in- 
formation from the personal computer or the FCU is re- 
st? ceived by the process selector 29 through the controller 
MFC (parallel bus Pb), and the image information is sent 
to the printer 400. 

[0076] At the time of image formation in a copy mode, 
a scanner start signal is supplied to the scanner 200 
55 from the system controller 6 of the multi-function con- 
troller MFC at a timing matching with an operation of the 
color printer 400. The scanner 200 supplies to the image 
processing unit 20 control signals such as a frame ef- 
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- Second Mode of Second Embodiment (FIG. 5B) - 
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tion filter process by the spatial filter 21. In addition, a 
nonlinear process such as the gamma correction (23) 
or a binarization (25) may also cause generation of 
moire. 

[0086] As in the present mode, if the resolution m dpi 
of the scanner 200 as input means is sufficiently higher 
(more than four times) than the resolution n dpi of the 
printer 400 as the output means , there is less generation 
of moire caused by folding of a harmonic wave gener- 
ated in the spatial filter 21 . the gamma correction unit 
23 or the simple binarizing unit 25. Therefore, even 
when there is provided only a binary output means, the 
moire suppressing effect can be obtained with the 
above-mentioned simple structure. 
[0087] It is preferable that the second mode of oper- 
ation of the second embodiment is performed when out- 
putting the scanner output of, for example, input m = 600 
dpi to a general binary output printer (400b) of n = 2400 
dpi. 

- Third Mode of Second Embodiment (FIG. 5C) - 

[0088] FIG. 5C is a block diagram showing a third 
mode of operation of the image processing unit 20. In 
this mode, a binary error diffusion output is selected by 
the output processing unit 30 of the image processing 
unit 20, and a single pixel is recorded by binary values 
by the binary printing function of the printer 400b. Al- 
though an outline of the process flow in this mode is the 
same as that of the first mode of the second embodi- 
ment, since the binary image is output by the printer 
400b as output means, the binary error diffusion unit 26 
binarizes the multi-value data which has been subjected 
to the gamma correction of the gamma correction unit 
23. If the resolution of the printer 400 as output means 
is not so higher (about twice) than the scanner 200 as 
input means, generation of moire due to the simple bi- 
narization can be sufficiently suppressed. Therefore : a 
non-period halftone process method such as an error 
diffusion is needed. Although an amount of process of 
the error diffusion is large, suppression of moire can be 
achieved by the error diffusion. 

[0089] It is preferable that the third mode of operation 
of the second embodiment is performed when output- 
ting the scanner output of, for example, input m = 600 
dpi to a general binary output printer of n = 1200 dpi. 

<Thlrd embodiment (FIG. 6)> 

[0090] FIG. 6 is a block diagram of the image process- 
ing unit 20 of a digital full color copy machine according 
to the third embodiment of the present invention. In the 
third embodiment, the order of processes of the resolu- 
tion converter 22 and the spatial filter 21 in the above- 
mentioned first embodiment is counterchanged. That is, 
in the third embodiment, the image data of m dpi and p 
bits, which is read by the scanner 200, is subjected to 
the filtering process of the spatial filter 21 of an input of 



m dpi and p bits and an output of m dpi and q bits. Here, 
m<n, and, for example, m = 600 and n = 1200, and p<q, 
for example p= 8 and q = 1 0. 

[0091] Thereafter, the resolution conversion of an in- 
5 put of m dpi and q bits and an output of n dpi and q bits 
is performed by the resolution converter 22 : and the im- 
age data is changed to n dpi and p bits by the gamma 
correction unit 23. Then, the image data is output by the 
printer 400 through the output processing unit 30. The 
10 effect of t he th ird embodiment is the same as that of the 
first embodiment, and, thus, there is no generation of 
moire. 

<Fourth Embodiment (FIG. 7)> 

15 

[0092] FIG. 7 A is a block diagram of the image 
processing unit 20 according to a fourth embodiment of 
the present invention. FIG. 7B is a block diagram of a 
variation of the image processing unit shown in FIG. 7A. 

20 The composition and the functions other than the image 
processing unit 20 of the copy machine according to the 
fourth embodiment are the same as that of the above- 
mentioned second embodiment. A description will now 
be given of modes of operation of the image processing 

25 unit 20 according to the fourth embodiment. 

- First Mode of Fourth Embodiment (FIG. 8A) - 

[0093] FIG. 8A is a block diagram of the image 
30 processing unit 20 shown in FIG. 7A. The spatial filter 
21 shown in FIG. 8A is an MTF filter such as a laplacian 
filter, which can handle, for example, a 3x3-pixel matrix 
and emphasizes an image edge. FIG. 11 shows an ex- 
ample of the image which is read by the scanner 200. 
35 Although an actual picture input device may perform 
2-dimensional image reading, it is illustrated by one di- 
mension in FIG. 11 for the sake of simplification of ex- 
planation. This figure corresponds to a case in which an 
equal interval sampling is made to a periodical image 
40 such as a halftone image. 

[0094] If it is an ordinary process, the image is filtered. 
FIG. 17 is a graph showing an example of the image 
after the filtering. A part of image data is saturated at 0 
or 255 due to the emphasis process. This is observed 
45 as moire in the image. 

[0095] In this first mode, when the MTF filtering proc- 
ess is applied to the image data shown in FIG. 1 1 by the 
spatial filter 21 , the density of the image data is changed 
to a double by the resolution converter 22 according to 
50 the three-dimensional function convolution method so 
as to suppress moire. That is, the image data is convert- 
ed to higher density data. FIG. 12 is a graph showing 
the image data after being changed to a double density. 
That is : FIG. 12 is a graph in which the resolution con- 
55 verted image data is plotted, the resolution converted 
image data being obtained by inserting interpolation da- 
ta obtained by the three-dimensional function convolu- 
tion method based on the image data of FIG. 11. FIG. 
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1 3 is a graph showing a result of frequency analysis per- 
formed on the data of FIG. 12. 

[0096] Next, an MTF correction filtering process (em- 
phasis of an edge of image, i.e., edge emphasis) used 
in an ordinary copy machine is applied to the image data 
of FIG. 1 2 by the spatial filter shown in FIG. 8A. By the 
MTF correction filtering process, the edge part of line 
drawing parts such as characters, can be made sharp. 
When the operation of the spatial filtering process is p 
= 8 bits and if the image data is less than 0 or greater 
than 255, it is saturated at 0 and 255. Therefore, a har- 
monic wave component, which is not present in the orig- 
inal waveform, is generated. FIG. 1 4 is a graph showing 
a frequency characteristic after applying the above- 
mentioned MTF correction filtering process to the image 
data of FIG. 12. 

[0097] After applying the gamma correction to the im- 
age data which has been subjected to the MTF correc- 
tion filtering process, the resolution conversion is ap- 
plied by the resolution conversion unit 31 so as to be 
one half of the density, which is the same density as the 
input image data. That is, in FIG. 14, the frequency high- 
er than 300 Ipi becomes unnecessary in the horizontal 
axis, and it becomes the cause of generation of moire. 
Therefore, the resolution converter 31 performs the res- 
olution conversion to one half by a smoothing filter, 
which cut off frequencies higher than 300 Ipi , and a down 
sampling by thinning. Thereafter, a predetermined out- 
put process is applied by the output processing unit 30, 
and the processed image data is output to the printer. 
[0098] According to the first mode operation of the 
fourth embodiment, even if the resolution of scanner is 
relatively low such as 600 dpi, an image having the 
same quality as that obtained by reading by a high-res- 
olution scanner of about 1200 dpi can be obtained. 

- Second Mode of Fourth Embodiment (FIG. BB) - 

[0099] FIG. 8B is a block diagram of the image form- 
ing unit 20 shown in FIG. 7B which performs a second 
mode of operation of the fourth embodiment. 
The image data of m dpi and p bits which is read by the 
scanner 200 is processed by the spatial filter 21 . Then, 
resolution conversion 22 to obtain a higher density is 
performed by the resolution converter 22. Thereafter, a 
gamma correction is applied by the gamma correction 
unit 23, and, then, the image data is changed to a low 
density data by the resolution converter 31 . Then the 
processed image data is output from the o utput process- 
ing unit 30. Here, the image data as shown in FIG. 11 is 
supplied to the image processing unit 20 from the scan- 
ner 200. The spatial filter 21 in the second mode of op- 
eration of the fourth embodiment has an output dynamic 
range greater than an input dynamic range so that the 
output waveform hardly saturates. For example, when 
the computation of the spatial filter is q = 10 bits with 
respect to the image data read by p = 8 bits, the dynamic 
range is -512 to +512. When the MTF correction filtering 



process is applied to the image data of p = 8 bits so as 
to change to q = 10 bits, the output image data of the 
spatial filter becomes that shown in FIG. 16, and a har- 
monic wave is not generated due to saturation. It should 

5 be noted that the dynamic range may be 0 to +1 024 or 
-256-+76B if saturation does not occur. 
[0100] As mentioned above, the resolution conver- 
sion by the resolution converter 22 is performed after 
performing the filtering of the spatial filter 21 which has 

10 the output dynamic range greater than the input dynam- 
ic range so as to prevent saturation. Then, a saturation 
calculation is performed at 0 and 255 after the resolution 
conversion. FIG. 14 is a graph showing the frequency 
characteristic of the image data after being saturated so 

is as to be within a range from 0 to 255 by performing the 
resolution conversion after applying the MTF correction 
filtering process of which dynamic range is expanded so 
that saturation does not occur in the image data shown 
in FIG. 11. 

20 [0101] In the second mode of operation, after per- 
forming the resolution conversion to change a space of 
600 dpi to a space of 1 200 dpi, a value less than 0 is set 
to 0 and a value greater than 255 is set to 255. Moreover, 
since the gamma correction, which is a nonlinear proe- 
ms ess, is performed in the space of n = 1200 dpi, genera- 
tion of moire hardly occurs. 

[0102] The subsequent processes are the same as 
the first mode of operation of the fourth embodiment, 
and the gamma corrected image data is subjected to the 
30 resolution conversion by the resolution converter 31 so 
as to be one half of the density from n = 1200 dpi to m 
= 600 dpi so that the resolution becomes m = 600 dpi 
which is the same as the input image data. At this time, 
the frequency higher than 300 Ipi becomes unnecessary 
35 jn the horizontal axis in FIG. 14, and it becomes the 
cause of generation of moire. Therefore, the resolution 
converter 31 performs the resolution conversion to one 
half by a smoothing filter, which cut off frequencies high- 
er than 300 Ipi, and a down sampling by thinning. There- 
to after, a predetermined output process is applied by the 
output processing unit 30, and the processed image da- 
ta is output to the printer 400. 

[0103] According to the second mode of operation of 
the fourth embodiment, even if the resolution of scanner 

45 200 is relatively low such as 600 dpi, an image having 
the same quality as that obtained by reading by a high- 
resolution scanner of about 1200 dpi can be obtained. 
Since the spatial filter 21 is performed before the reso- 
lution conversion, the factor matrix of the spatial filter 21 

50 can be reduced as compared to the first mode of oper- 
ation of the fourth embodiment, and it is effective to re- 
duce hardware for the spatial filtering process. 

- Third Mode of Fourth Embodiment (FIG. 8C) - 

55 

[0104] FIG. 8C is a block diagram of the image 
processing unit 20 shown in FIG. 7B in a third mode of 
operation according to the fourth embodiment. In the 
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third mode of operation, the process of the resolution 
converter 22 is applied to only one of the main scanning 
and the subscanning. This is because there is a case in 
which the elimination of moire using the resolution con- 
version of the resolution converter 22 is sufficiently ef- 
fective even when it is applied to only one of the main 
scanning and subscanning. Moreover when the scan- 
ner 200 as input means reads an image by un-equal 
density such as 600 dpi in the main scanning direction 
and 600 dpi in the subscanning direction, a sufficient 
moire elimination effect can be obtained only by per- 
forming the resolution conversion in the main scanning 
direction. Other functions and operations are the same 
as the second mode of operation of the fourth embodi- 
ment. 

[0105] Thus, if the conversion is according to an inte- 
gral multiple or a fraction, there is no need to provide 
large-scale hardware such as multiplication circuit of an 
arbitrary multiplying power and a resolution conversion 
having less image distortion can be achieved with a min- 
imum circuit scale. Accordingly, an image processing 
system having less moire can be build with a reduced 
cost. 

- Fifth mode of Fourth Embodiment (FIG. 9B) - 

[0106] FIG. 9B is a block diagram of the image 
processing unit 20 shown in FIG. 7B in a fifth mode of 
operation of the fourth embodiment. In recent years, 
general-purpose scanners operate at a relatively high- 
speed, and one having the specification of m = 600 dpi 
is relatively inexpensive. Additionally, a printer of m = 
600 dpi can achieve a stable image reproduction at a 
high-speed operation. Moreover, also in the pixel den- 
sity after the resolution conversion of the resolution con- 
verter 22 to a higher pixel density, according to the con- 
dition of the fourth mode, n = 1200 dpi, which is twice 
the density n = 600 dpi. is appropriate, and it is difficult 
to make a printer having a higher pixel density. Thus, 
according to the current level of technology, the combi- 
nation of the resolutions shown in FIG. 9B, which indi- 
cates the fifth mode of operation, may provide a most 
effective operation of the fourth embodiment with a low 
cost. 

[01 07] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 



Claims 

1. An image processing method characterized by 

comprising: 

applying a spatial filtering process with an input 
dynamic range wider than an output dynamic 
range and also applying a high-resolution con- 



version process to increase an image density 
of image data. 

2. The image processing method as claimed in claim 
5 1, further comprising: 

applying a low-resolution conversion process 
to decrease the image density after applying to 
the image data the spatial filtering process and 
10 the high-resolution conversion process. 

3. An image processing method characterized by 
comprising: 

15 applying to image data a high-resolution con- 

version to increase an image density of the im- 
age data and a spatial filtering process; and 
thereafter, applying a low- resolution conver- 
sion to decrease the image density. 

20 

4. The image processing method as claimed in claim 
1, 2 or 3, wherein the low-resolution conversion 
process changes the image density to an original 
image density before the high-resolution conver- 
ts sion process is performed. 

5. The image processing method as claimed in any 
one of the preceding claims, further comprising: 

30 applying a gamma-correction process to the 

image data after applying the high-resolution 
conversion process. 

6. The image processing method as claimed in any 
35 one of the preceding claims, wherein the spatial fil- 
tering process is a filtering process of a modulation 
transfer function correction which sharpens an im- 
age edge. 

40 7. The image processing method as claimed in any 
one of the preceding claims, wherein an output dy- 
namic range of the high-resolution conversion proc- 
ess is narrower than an input dynamic range of the 
high-resolution conversion process. 

45 

8. The image processing method as claimed in any 
one of the preceding claims, wherein the high-res- 
olution conversion process is performed either in a 
main scanning direction or a subscanning direction. 

50 

9. The image processing method as claimed in any 
one of the preceding claims, wherein the high-res- 
olution conversion process increases the image 
density by an integral multiple equal to or higher 

55 than twice. 

10. An image processing apparatus characterized by 
comprising: 
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a spatial filter (21) which applies a modulation 
transfer function correction process so as to in- 
crease a number of bits of input image data; 
and 

a high-resolution converter (22) which converts 
the image data into output image data having 
a density higher than a sampling density of the 
input image data, 
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image data into large dynamic range Image da- 
ta of n dpi and q bits, where q is greater than p; 
a gamma-correction unit (23) which adjusts an 
intensity of the image data after being proc- 
5 essed by said spatial filter; 

an output processing unit (30) which converts 
the gamma-corrected image data into output 
data for printing; and 

a printer (400) which produces a visible image 
10 based on the output data of said output 

processing unit. 



wherein one of the spatial filter (21) 
high-resolution converter (22) processes the image 
data after the other of the spatial filter (21) and the 
high-resolution converter (22) has processed the 
image data. 

11. The image processing apparatus as claimed in 
claim 10, characterized by further comprising a 
gamma-correction unit (23) which applies a gam- 
ma-correction to the image data which has been 
processed by said high-resolution converter. 

12. The image processing apparatus as claimed in 
claim 11, characterized by further comprising a 
low-resolution converter which decreases the den- 
sity of the gamma-corrected image data. 

13. An image reading apparatus characterized by 
comprising: 

an image reading unit (200) which reads an im- 
age or picture to generate image data; and 
an image processing apparatus according to 
claim 10, 11 or 12. 

14. An image forming apparatus characterized by fur- 
ther comprising: 

an image processing apparatus according to 
claim 10, 11 or 12; and 

a printer (400) which forms an image on a re- 
cording sheet based on the image data output 
from said image processing apparatus. 

15. The image forming apparatus as claimed in claim 
14, further comprising an image reading unit (200) 
which reads an image or picture to generate the im- 
age data so as to supply the image data to said im- 
age processing apparatus. 

16. An image forming apparatus characterized by 

comprising: 

a resolution converter (22) which converts im- 
age data of p bits, which is obtained by optically 
reading an original image by a sampling density 
of m dpi, into high-density image data of n dpi 
and p bits, where n is greater than m; 
a spatial filter (21) changing the high-density 



17. An image forming apparatus characterized by 

comprising: 

15 

a spatial filter (21 ) which changes image dat of 
p bits, which is obtained by optically reading an 
original image by a sampling density of m dpi, 
to large dynamic range image data of m dpi and 

20 q bits, where q is greater than p; 

a resolution converter (22) which converts the 
large dynamic range image data of m dpi and 
q bits into high-resolution image dat of n dpi and 
p bits, where n is greater than m; 

25 a gamma-correction unit (23) which adjusts an 

intensity of the image data after being proc- 
essed by said resolution converter; and 
a printer (400) of n dpi and a multiple number 
of gradation. 

30 

18. An image forming apparatus characterized by 

comprising: 

a spatial filter (21) which changes image data 
35 of p bits, which is obtained by optically reading 

an original image by a sampling density of m 
dpi, to large dynamic range image data of m dpi 
and q bits, where q is greater than p; 
a resolution converter (22) which converts the 
40 large dynamic range image data of m dpi and 

q bits into high-resolution image data of n dpi 
and p bits, where n is greater than m; 
a gamma-correction unit (23) which adjusts an 
intensity of the image data after being proc- 
45 essed by said resolution converter; 

an output processing unit (30) which converts 
the gamma-corrected image data into output 
data for printing; and 

a printer (400) which produces a visible image 
so based on the output data of said output 

processing unit. 

19. The image forming apparatus as claimed in claim 
18, wherein said output processing unit includes a 

55 simple binarizing unit (25) which converts the gam- 
ma-corrected image data into binary data as the 
output data for printing; and said printer (400) has 
n dpi and a binary gradation number so as to form 
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a visible Image based on the binary data from said 
simple binarizing unit. 

20. The image forming apparatus as claimed in claim 
18 or 19, wherein said output processing unit (30) 
includes a binary error diffusion unit (26) which con- 
verts the gamma-corrected image data into binary 
data as the output data for printing by a binarization 
according to an error diffusion method; and said 
printer (400) has n dpi and a binary gradation 
number so as to form a visible image based on the 
binary data from said binary error diffusion unit. 

21. An image forming apparatus characterized by 

comprising: 

a spatial filter (21) which changes image data 
of p bits, which is obtained by optically reading 
an original image by a sampling density of m 
dpi, to large dynamic range image data of m dpi 
and q bits, where q is greater than p; 
a resolution converter (22) which converts the 
large dynamic range image data of m dpi and 
q bits into high-resolution image data of n dpi 
and q bits, where n is greater than m; 
a gamma-correction unit (23) which adjusts an 
intensity of the image data after being proc- 
essed by said resolution converter; 
an output processing unit (30) which converts 
the gamma-corrected image data into output 
data for printing; and 

a printer (400) which produces a visible image 
based on the output data of said output 
processing unit. 

22. An image forming apparatus characterized by 

comprising: 

a first resolution converter (22) which converts 
image dat of p bits, which is obtained by opti- 
cally reading an original image by a sampling 
density of m dpi, into high-resolution image dat 
of n dpi and p bits, where n is greater than m; 
a spatial filter (21) which applies a modulation 
transfer function (MTF) correction to the high- 
resolution image data of n dpi and p bits after 
the conversion of said first resolution converter; 
a gamma-correction unit (23) which adjusts an 
intensity of the image data after being proc- 
essed by said spatial filter; 
a second resolution converter (31) which con- 
verts the gamma-corrected image data of n dpi 
and p bits into image data of m dpi and q bits; 
an output processing unit (30) which converts 
the image data of n dpi and p bits after the con- 
version of said second resolution converter into 
output data for printing; and 
a printer (400) which produces a visible image 



based on the output data of said output 
processing unit. 

23. An image forming apparatus characterized by 

5 comprising: 

a spatial filter (21) which changes image data 
of p bits, which is obtained by optically reading 
an original image by a sampling density of m 

10 dpi, to large dynamic range image data of m dpi 

and q bits, where q is greater than p; 
a first resolution converter (22) which converts 
the large dynamic range image data of m dpi 
and q bits after being processed by said spatial 

is filter into high-resolution image data of n dpi 

and p bits, where n is greater than m; 
a gamma-correction unit (23) which adjusts an 
intensity of the image data after being proc- 
essed by said first resolution converter; 

20 a second resolution converter (31) which con- 

verts the gamma-corrected image data of m dpi 
and p bits into image data of m dpi and p bits: 
an output processing unit (30) which converts 
the image data of m dpi and p bits after the con- 

25 version of said second resolution converter into 

output data for printing; and 
a printer (400) which produces a visibte image 
based on the output data of said output 
processing unit. 

30 

24. The image forming apparatus as claimed in claim 
22 or 23, characterized in that said first resolution 
converter (22) changes the image density from m 
dpi to n dpi in a main scanning direction and from 

35 m dpi to m dpi in a subscanning direction. 

25. The image forming apparatus as claimed in claim 
22 ro 23, characterized in that said first resolution 
converter (22) changes the image density from m 

40 dpi to m dpi in a main scanning direction and from 
m dpi to n dpi in a subscanning direction. 

26. The image forming apparatus as claimed in any one 
of claims 22 to 25, characterized in that n is an 

45 integral multiple of m. 

27. The image forming apparatus as claimed in claim 
26, characterized In that m is 600 and n is 1200. 
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